A total of 121 spontaneous amelanotic melanomas of the skin were identified in 70 of 11,171 male and 51 of 10,927 female Fischer-344/N rats in 63 2-yr carcinogenicity studies conducted by the National Cancer Institute's Carcinogenicity Testing Program/National Toxicology Program. Amelanotic melanomas had characteristic anatomical locations and histologic features distinguishable from Schwann cell tumors. Of the 121 tumors, 84, 19, 10, and 8 cases occurred in the pinna, eyelid, scrotum, and perianal region (anus and tail), respectively. Amelanotic melanomas originated from the dermis and consisted of spindle cells arranged in an interlacing fascicular pattern often with a perivascular orientation; epithelioid cells were rarely seen. Only the tumors arising in the pinna metastasized to the lung and/or mandibular lymph nodes. The metastatic rate was 19% (16/84) of the tumors and was clearly increased with an increase in tumor size. Most metastasizing tumors had focal areas consisting of anaplastic spindle cells with an increased number of mitosis. The tumor cells stained positive for S-100 protein but negative for melanin. Ultrastructurally, the tumors were diagnosed as amelanotic melanomas based on the identification of numerous, intracytoplasmic premelanosomes without melanin formation in the tumor cells which were not enveloped by pericytoplasmic basal laminae. One localized amelanotic melanoma of the pinna was successfully transplanted to the subcutaneous tissue in the flank of 3 Fischer-344/N rats.
INTRODUCTION
In humans, the incidence of cutaneous melanomas has been increasing rapidly in the past decades (19) . Although exposure to sunlight is considered to be the most important environmental risk factor, increased risks of cutaneous melanomas were found for workers who were exposed to various chemicals in the electronics and metal industries and transport and communication branch (21) . The Fischer-344 (F-344) rat is a common strain of rodents used in carcinogenicity studies, but very little is known concerning the occurrence of their cutaneous amelanotic melanomas. To interpret the results of rodent carcinogenicity studies, it is necessary to accurately classify the types of the tumors that occur in the animals tested.
Amelanotic melanoma of the skin is a recently recognized entity in the pinna and eyelid of F-3441N rats (32, 33) and in the pinna of F-344/DuCrj rats (20) and a WAG/Rij rat (35) . For more than 2 decades, amelanotic melanoma of the pinna in F-344 rats has been diagnosed as fibroma, fibrosarcoma, neurofibroma, neurofibrosarcoma, benign or malignant Schwannoma, or sarcoma of the subcutaneous tissues (11, 14, 15, 26) . These pinnal tumors were most often interpreted as Schwann cell tumors because of the presence of a neuroid pattern of spindle cells. This neuroid pattern was a &dquo;red herring&dquo; leading to a misdiagnosis of the tumor. Even in a recent report, in fact, the pinnal tumors of F-344/N rats were still undoubtedly classified as peripheral nerve sheath tumors (29) . All diagnoses of these previously reported pinnal tumors were made mainly based on routine histologic examinations. On electron microscopic examination, however, these cutaneous tumors proved to be the origin of melanocytes (32, 33) . In addition, we confirmed the occurrence of amelanotic melanomas of the scrotum and perianal region in F-3443'N rats.
This report provides details of the pathology and incidence of spontaneous amelanotic melanomas on the skin of the pinna, eyelid, scrotum, and perianal region in F-344/N rats. The clear diagnostic criteria for amelanotic melanomas to differentiate from Schwannomas of the skin in albino rats are de- scribed. This report also shows the first transplantation of a pinnal amelanotic melanoma.
MATERIAL AND METHODS
A total of 121 amelanotic melanomas of the skin were identified in F-344/N rats of both sexes that were purchased from Charles River Breeding Laboratories and used as control or treated animals in 63 2-yr carcinogenicity studies conducted by the National Cancer Institute's Carcinogenicity Testing Program/National Toxicology Program. The pinna, eyelid, scrotum, and perianal tissues from rats were examined microscopically when gross lesions occurred at these sites. The average diameters were calculated from the average of the 3 or 2 greatest dimensions of each tumor. Samples of gross lesions were fixed in 10% neutral-buffered formalin, processed for routine histologic examinations, and stained with hematoxylin and eosin (H&E).
Additional sections from selected tumors were stained by Masson-trichrome and Wilder's techniques and for melanin by the Masson-Fontana's reaction.
Immunohistochemical studies were performed on 6 tumors to demonstrate S-100 protein by using an immunogold-silver staining procedure (28) . A commercially available antibody against S-100 protein was diluted to 1:10,000. The secondary antibody was goat anti-rabbit labeled with 5 nm gold colloid (GAR G5 Jansen Life Sciences, Piscataway, NJ).
After the treatment, all sections were counterstained with hematoxylin.
For electron microscopic examination, formalinfixed samples from 17 tumors were transferred to a solution of 2.6% glutaraldehyde and 2.0% paraformaldehyde in 0.1 M phosphate buffer (pH 7.4) before postfixing in 0.1 °lo osmium tetroxide in 0.1 M phosphate buffer (pH 7.4). Then, the samples were routinely processed and embedded in Epon. Ultrathin sections were stained with 5.0% uranyl acetate and 2.7% lead citrate and examined by transmission electron microscopy. 
RESULTS
A total of 121 amelanotic melanomas of the skin occurred in the pinna, eyelid, scrotum, and perianal region in 70 male and 51 female F-344/N rats (Table  I ). The overall incidences of the tumors were 0.63% (70/ 11,171 ) and 0.47% (51/10,927) for males and females, respectively. In both males and females, the tumors were seen most frequently in the pinna and rarely in the perianal region. In males, the tumors occurred more often in the scrotum than eyelid.
Metastases were seen in 19% (16/84) of a total of the combined pinnal tumors in both sexes, but none of the palpebral, scrotal, and perianal tumors metastasized (Table II) . The incidence of metastasizing pinnal tumors was clearly increased as the tumors increased in size (Table III ). The metastatic rates were 0% (0 17), 3 .8% ( 1 /26), 10% (2/18), 61.5% (8/ 13), and 80% (8/10) in the pinnal tumors of 2-5, 6-10, 1 1-15, 16-20, and larger than 20 mm in average diameter, respectively. Unlike the pinnal tumors, only a few tumors in the eyelid, scrotum, and perianal region were greater than 16 mm in average diameter.
Grossly, each of the affected 121 animals had a single, firm, tan or white tumor mass in the pinna, eyelid, scrotum, or perianal region. The tumor masses were varied in size, ranging from approximately 2 to 35 mm in average diameter. The skin surface of many masses were variably ulcerated. In the pinna, 36 and 31 tumors occurred on the right and left sides, respectively; locations of the remaining 17 pinnal tumors were unrecorded. In the eyelid, 9 and 7 tumors were seen at the right and left sides, respectively; the tumor locations were not recorded in 3 cases. In the perianal region, 6 tumors were found on the tail and 2 on the anus.
Microscopically, the tumors were usually well circumscribed but not encapsulated. The smaller tumors were mainly located within the dermis, but the larger tumors extended into the adjacent subcutaneous tissues including the auricular cartilage ( Fig. 1 a) or muscle ( Fig. 1 b) . No epidermal junctional activity was observed, but the tumor cells often appeared to have direct contact with the basal epidermis. The tumor cells were negative for melanin by the Masson-Fontana's reaction. Reticulin fibers were usually numerous in the stroma, but only a few collagen fibers were present in the tumors.
The tumors consisted primarily of spindle cells ( Fig. 2a-d ) rarely with round to polygonal epithelioid cells with abundant, clear or pale eosinophilic cytoplasm. The spindle cells were arranged in an interlacing fascicular pattern ( Fig. 2a , b) often with perivascular orientation. Sometimes this perivascular arrangement was prominent around mildly dilated blood vessels (Fig. 2c ). In general, the cellularity in tumor lesions appeared to be higher in the metastasizing tumors (Fig. 2b ) than in the localized tumors (Fig. 2a ). The spindle cells had abundant, pale eosinophilic or somewhat pale basophilic cytoplasm with indistinct cell membranes. Sometimes the cytoplasm was mildly to markedly vacuolized. Focal areas with mild to marked anaplastic spindle cells were seen in 14 of the 16 metastasizing tumors (Fig. 2d ). Focal anaplastic areas were also often observed in the larger, localized tumors but not in the smaller tumors (2-5 mm). Anaplastic spindle cells had prominently eosinophilic cytoplasm and nuclei with greater variation in size and shape. The nuclei were hyperor hypochromatic, often with a prominent eosinophilic nucleolus. Mitotic figures were more commonly seen in the focal areas of anaplastic cells. In nonanaplastic areas, 1-5 mitotic figures were usually present in 10 high-powered fields ( x 400), but most of anaplastic areas had more than 15 mitotic figures. Anaplastic epithelioid cells were also found ( Fig. 3) .
Metastatic tumors in the lung were recognized as single or multiple, white nodules that consisted of variably thickened alveolar septa containing neoplastic spindle cells (Fig. 4) . The mandibular lymph nodes with metastatic tumors were grossly enlarged and contained a nodular proliferation of spindle cells.
S-100 protein immunohistochemical studies were performed on 6 localized tumors of the pinna. The spindle cells from 5 of the 6 tumors had mild to moderate positive immunoreactivities for S-100 protein ( Fig. 5 ).
Of the total of 17 tumors ( from the tail, 2 scrotum, 2 eyelid, and 12 pinna) examined by electron microscopy, all but 1 pinnal tumor were localized in the skin. The tumor cells were closely packed to each other. Their cytoplasm was often elongated and interwoven. Sometimes short cell processes were also seen on the cell surface. Desmosomes were infrequently observed, but pericytoplasmic basal laminae were not present (Fig. 6a ). The most distinguishing and consistent ultrastructural feature of the tumor cells was the presence of intracytoplasmic premelanosomes (Stage II melanosomes) ( Fig. 6a, b ), which were observed in all tumors examined by electron microscopy. The number of premelanosomes varied between cells, and they often occupied the nearly entire cytoplasm (Fig. 6b ). These premelanosomes were single membrane-bound, ellipsoidal organelles filled by internal membranous filaments without melanin formation (Fig. 6a, b) . Vacuolar premelanosomes were also frequently observed and consisted of single membrane-bound vacuoles that were empty or contained only a few filaments. Autophagolysosomes were also found in some tumor cells and contained varying numbers of premelanosomes at various stages of digestion.
Three F-344 rats were killed on 151, 331, and 442 days after transplantation of a localized pinnal tumor of 2 x 4 x 7 mm and had subcutaneous tumors 
DISCUSSION
Unlike melanotic melanomas of hooded rats. amelanotic melanomas of the skin in albino rats pose a diagnostic problem because of the neuroid pattern of the nonpigmented spindle cells (32, 33) .
Previously, spindle cell tumors of the pinna in F-344/N rats have been considered to originate from Schwann cells or consist essentially of Schw~ann cells (29) . In this study, the tumor cells had a positive immunoreactiyity for S-100 protein. This finding was not helpful to distinguish amelanotic melanomas from Schwann cell tumors that are also Z-iota protein-positive (8. 1 7) . Electron microscopic studies demonstrated the presence of premelanosomes and or melanosomes that are characteristic of nor- Fig. 2a. H&E. x 228. c) Metastasizing amelanotic melanoma of the pinna revealing a perivascular arrangement of anaplastic spindle cells around mildly dilated blood vessels. H&E.
x 182. d) Metastasizing amelanotic melanoma of the pinna consisting of anaplastic spindle cells with moderate nuclear pleomorphism. H&E. mal and neoplastic melanocytes (10, 32, 33) . Since both dermal melanocytes and Schwann cells are derived from the neural crest, melanosomes also have been rarely observed in normal dermal Schwann cells in the pigmented human and rat skin (3, 8) .
Schwann cell tumors occur in various tissues and organs in albino rats, but the presence of premelanosomes in neoplastic Schwann cells has never been reported (4, 12, 17, 24, 30) . However, intracranial malignant Schwannomas that were chemically induced in hooded rats had scattered pigmented cells that contained melanosomes and premelanosomes (27) . Ultrastructurally, in this study, amelanotic melanoma cells were readily distinguished from neoplastic Schwann cells by the absence of the pericytoplasmic basal lamina, which is the crucial histogenetic criterion for Schwannoma cells (4, 10, 12, 17, 30) .
It was clear that the present tumors occurred in the dermis and were the origin of the melanocyte. Melanocytes of the pigmented murine skin are normally present in the epidermis, dermis, hair bulbs, and perifollicular melanoCy1ic networks (16) . In hooded mice, chemically induced melanoma is considered to originate from perifollicular melanocytes (16) . In hooded rats, however. spontaneous melanotic melanomas of the skin originate from the dermal melanocytes (35) . Amelanotic melanocytes of the skin in albino guinea pigs normally exist in the epidermis and outer sheath of hair follicles (25) , but their normal distribution in albino rats is unknown.
Spontaneous melanomas of the skin occur in certain colonies of hamsters (9) , and there is no predilection site for the tumors and pigmented spots (7) . According to the age-adjusted incidence rates of cutaneous melanomas in humans, however, the tumors are found most frequently in the ear of men and the face and shoulder of women (13) . In hooded rats, spontaneous melanotic melanomas of the skin also occur most often in the pinna, less frequently the anogenital region or tail, and rarely the eyelid (2, 5, 35) . These 4 locations are identical with the predilection sites for the present amelanotic melanomas of the skin in F-344/N rats. Likewise, the reported 6 amelanotic melanomas of the skin in F-344/DuCrj rats originated from the pinna (20) .
In this study, it was clear that amelanotic melanomas of the skin had characteristic anatomic locations and histologic features that are distinguishable from those of Schwannomas in F-344 rats (Table  IV) . Unlike amelanotic melanomas, Schwannomas of the skin often occur in the cervical region associated with the salivary gland and are histologically characterized by Antoni A and B tissues with marked cystic formation (6) . By contrast, amelanotic melanomas of the skin were characterized by an interlacing fascicular pattern of spindle cells. Interestingly, these spindle cells were also arranged in a perivascular pattern, which is a landmark for amelanotic melanomas of the uveal tract in F-344/N rats (31 ) . Therefore, the unique tumor location and interlacing fascicular pattern of spindle cells often with perivascular orientation are reliable diagnostic criteria for amelanotic melanomas of the skin in F-344 rats.
Melanoma of the skin has been chemically induced in hamsters, guinea pigs, gerbils, and mice (25) . Chemically induced melanoma of the skin has not been reported in the rat (34) . Over 50 yr ago, neurofibromas of the pinna in albino rats were reported to be caused by feeding a diet containing ground crude ergot (22) . The histologic features of these tumors were consistent with those of amelanotic melanomas of the pinna in F-344/N rats; however, ultrastructural examinations were not performed. This study strongly indicates that the ergotinduced pinnal tumors in albino rats were melanocytic origin.
Biological behavior was different between amelanotic melanomas and Schwannomas of the skin in F-344/N rats. Schwannomas are usually considered to be malignant because of marked local invasion (6) , but metastases are extremely rare. In this study, however, 19% (16/84) of pinnal amelanotic melanomas metastasized to the lung and/or mandibular lymph nodes. Likewise, the reported incidence of metastasizing amelanotic melanomas of the pinna in F-344/DuCrj rats was 17% (1/6) (20) . The incidence of metastasizing amelanotic melanomas of the pinna in this study was clearly related to an increase in tumor size. Focal areas of anaplastic spindle cells were found in most metastasizing tumors. In addition to regional and distant metastases as an obvious indication of malignancy, increased tumor size and focal anaplasia were considered to be evidence for malignancy of cutaneous amelanotic melanomas in F-344/N rats.
Chemically induced melanotic melanomas of the skin appear to be readily transplantable in hooded animals such as golden hamsters (23) and mice (1). This study showed the first transplantation of a spontaneous amelanotic melanoma of the skin in an albino rat. In this study, none of the pinnal tumors with an average diameter of less than 6 mm metastasized, but 80% of the tumors larger than 20 mm metastasized. The donor tumor was smaller than 6 mm and did not metastasize, whereas the 3 transplanted tumors were larger than 20 mm but did not metastasize. In this study, only the pinnal tumors showed a metastasis. The donor tumor originated from the pinna and was transplanted to the subcutis of the flank in 3 recipients. Because this transplantation resulted only from I pinnal tumor. we cannot make any comments. including a possi-bility of local factor that may play a role in metastasis of amelanotic melanoma in F-344/N rats. This study demonstrated that amelanotic melanoma of the skin is uncommon but not a rare tumor in F-344/N rats. In Sprague-Dawley rats, nervesheath tumors and fibromas of the pinna or eyelid were diagnosed only based on H&E-stained sections (18) . One amelanotic melanoma with predominant Schwann cell growth pattern in the pinna was found in a WAG/Rij albino rat (35) . If spindle cell tumors of the skin at the 4 predilection sites are investigated by electron microscopy, therefore, amelanotic melanoma would be found in various strains of albino rats.
